Introduction {#sec1-1}
============

Rheumatologic manifestations of gastrointestinal diseases have been known for decades \[[@ref1]\]. As long as new studies are published, it is possible not only to understand their pathophysiology but also to unravel new rheumatologic manifestations previously unknown. In fact, there are myriad gastrointestinal diseases that can affect the musculoskeletal system in multiple ways.

Hepatic diseases are particularly relevant, since the liver plays an important role in mediating immune mechanisms, which currently represent the strongest hypothesis to explain the pathophysiology of their rheumatologic manifestations. This review focuses on the rheumatologic manifestations of hepatic disease \[[@ref2]\], especially hepatitis C, a liver disease currently viewed as systemic, where the involvement of joints considerably affects prognosis and quality of life \[[@ref3]\]. Nevertheless, many other liver diseases may be associated with joint involvement. The aim of this review is to synthesize the most extensively studied rheumatologic manifestations of liver diseases to date, highlighting the importance of distinguishing these from primary rheumatologic diseases, since their management and outcome are largely affected by an accurate diagnosis.

Hepatitis C {#sec1-2}
===========

General considerations {#sec2-1}
----------------------

Hepatitis C virus (HCV) infection is a global health problem, affecting approximately 20 million people across Europe and 170 million people worldwide, and causing chronic hepatitis, cirrhosis and hepatocellular carcinoma, with liver-related mortality in about 350,000 people/year \[[@ref4]\]. Nevertheless, beyond the classic hepatic complications, HCV infection is currently viewed as a systemic disease. In fact, during HCV chronic infection, extrahepatic manifestations are frequent and polymorphous, occurring in about two thirds of infected people and involving primarily the joints, muscles and skin. In fact, rheumatologic manifestations are the most common extrahepatic manifestation of hepatitis C and their incidence is variable according to geographic area, but can reach 38% ([Table 1](#T1){ref-type="table"}) \[[@ref5]\].

###### 

Rheumatologic diseases associated with hepatitis C, according to their degree of association
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Autoimmune and lymphoproliferative diseases are well-studied examples of HCV-associated diseases. Although the pathophysiology of many of these diseases is still obscure, it can be at least partially explained by the fact that HCV has double cellular tropism, being not only hepatotropic but also lymphotropic \[[@ref6]\].

HCV eradication is often associated with improvement of extrahepatic symptoms. In this regard, the emergence of direct-acting antiviral agents offers the opportunity to treat both HCV infection and its systemic manifestations, requiring shorter treatment duration and driving minor adverse effects \[[@ref7]\].

Mixed cryoglobulinemia {#sec2-2}
----------------------

The association between mixed cryoglobulinemia and HCV infection is well established \[[@ref8]\], with hepatitis C representing the cause in about 80% of cases \[[@ref9]\]. This is a predominantly small-vessel systemic vasculitis, characterized by the presence of serum immunoglobulins that precipitate reversibly at temperatures lower than 37°C and solubilize again when the temperature rises. Three distinct types of cryoglobulins have been recognized. In type I, the immunoglobulins are usually monoclonal and associated with lymphoproliferative diseases. Type II primarily consists of IgM rheumatoid factor and polyclonal IgG; this type is usually associated with viral infections and inflammatory diseases and is induced by HCV in up to 60% of cases. Type III cryoglobulins are mixed polyclonal and there is no monoclonal proliferation. Mixed cryoglobulinemias include type II and III. Cryoglobulins are present in the serum of 40-60% of patients with HCV, although disease occurs in only 5% (usually women aged more than 50 years) \[[@ref3],[@ref10]\].

The relation between mixed cryoglobulinemia and hepatitis C has been clearly demonstrated: HCV-RNA sequences have been found both in cryoprecipitates and in cutaneous lesions of patients with mixed cryoglobulinemia \[[@ref11]\]. The pathophysiology of this association is, similarly to other HCV extrahepatic manifestations, probably related to activation of B-cell lymphocytes with subsequent production of autoantibodies and mixed cryoglobulins \[[@ref12]\]. It is important to highlight that, despite the fact that there is no correlation between mixed cryoglobulinemia and HCV genotype, there is an important epidemiological association between mixed cryoglobulinemia and severe hepatic disease \[[@ref13]\]. According to its pathophysiology, mixed cryoglobulinemia may be seen not only as an autoimmune disease, but also as a B-cell lymphoproliferative disease, which can explain malignant transformation in 8-10% of cases and a well-established association with non-Hodgkin B-cell lymphoma \[[@ref14]\].

Although classically described by the triad of purpura, fatigue and arthralgia, the various involvement of different organs and tissues (mainly skin, joints, kidney, peripheral nerves) leads to variable clinical presentation and evolution. Polyarthralgia occurs in about 70% of cases and can recur intermittently throughout the course of illness. The most frequently involved joints include hands and knees in 45% of cases, followed by ankles and elbows in 25%. Overt arthritis is rare (8% of cases), but when present it usually involves large joints, without erosion, even after several years. Skin is the most commonly affected organ and some studies indicate that cutaneous involvement is present in virtually 100% of cases: episodes of vascular purpura are the most common presentation, but patients can also present skin ulcers, Raynaud phenomenon and acrocyanosis. Sicca syndrome is described in about 30% of cases and renal involvement in about 20%, most commonly type 1 membranoproliferative glomerulonephritis \[[@ref10]\]. It may have an acute or chronic presentation, presents with proteinuria, hematuria and variable degrees of renal failure and is associated with IgM kappa type 2 mixed cryoglobulinemia \[[@ref15]\]. Neurological involvement may also occur, with sensitive or motor-sensitive polyneuropathy. As a systemic disorder, other manifestations, like cardiomyopathy or intestinal ischemia, may also occur, though less commonly. Various attempts at defining a clinical classification have been made and, recently, preliminary classification criteria were developed according to the results of an international European study \[[@ref16]\] and subsequently validated \[[@ref17]\].

Among HCV-infected patients, the predictive factors most strongly associated with mixed cryoglobulinemia are advanced age, long duration of disease, type II mixed cryoglobulins, a higher mixed cryoglobulin serum level, and B-cell clonal expansion. Mortality is variable, ranging between 20% and 80%, and depends on involved organ systems \[[@ref18]\]. Advanced age by the time of diagnosis and renal involvement are predictive of poor outcome \[[@ref19]\]. Intestinal ischemia, pulmonary hemorrhage, high cryocrit levels and type II mixed cryoglobulinemia are also associated with severe prognosis \[[@ref20]\].

It has been demonstrated that most manifestations of mixed cryoglobulinemia have a strong correlation with the HCV virological response and respond to clearance of HCV during antiviral therapy \[[@ref21]\]. In fact, patients show a good symptomatic response to antiviral treatment, even in the absence of a sustained virological response \[[@ref22]\]. Therefore, patients with mild to moderate disease should be given optimal antiviral therapy. Pegylated interferon (IFN) and ribavirin are effective for this purpose. However, a cautious attitude could be suggested in consideration of the side effects possibly induced by IFN in the context of mixed cryoglobulinemia (for example, possible worsening of peripheral neuropathy or skin ulcers). Besides, direct-acting antiviral (DAA) agents appear to be effective in the treatment of mixed cryoglobulinemia, with an excellent safety profile. The association of pegylated IFN, ribavirin and boceprevir or telaprevir is associated with improved rated of sustained virological response and remission of cryoglobulinemia in genotype 1 \[[@ref23]\]. Sofosbuvir appears to be associated with high rates of sustained virological response in patients with mixed cryoglobulinemia, improving not only liver disease, but also extrahepatic manifestations such as arthralgia, purpura or peripheral neuropathy, with high rates of clinical response of vasculitis \[[@ref24],[@ref25]\]. However, even with successful clearance of the virus, the symptomatic response may lag, particularly in those with severe or life-threatening vasculitis \[[@ref26],[@ref27]\]. For this reason, patients with severe mixed cryoglobulinemia (i.e., worsening of renal function, mononeuritis multiplex, extensive skin disease, intestinal ischemia, etc.), require control of the disease with rituximab, with or without plasmapheresis, before the initiation of optimal antiviral therapy \[[@ref28]\]. Other immunosuppressant drugs, such as cyclophosphamide, may also be used in more severe or refractory cases \[[@ref29]\].

HCV-associated arthritis {#sec2-3}
------------------------

Polyarthralgia is the most common rheumatologic symptom associated with hepatitis C, being reported in 40-80% of patients \[[@ref5]\]. HCV-related arthritis may be divided into arthritis associated with mixed cryoglobulinemia and arthritis not associated with mixed cryoglobulinemia \[[@ref30]\]. Articular involvement is usually bilateral and symmetrical, and preferentially involves small articulations, such as the metacarpophalangeal, proximal interphalangeal and wrist articulations, mimicking rheumatoid arthritis (RA). Knees may also be involved. Rheumatoid factor (RF) is positive in up to 80% of patients with mixed cryoglobulinemia, although its presence is not correlated with articular disease \[[@ref15]\]. The absence of articular erosion and deformity, subcutaneous nodules and anti-C citrullinated peptides (anti-CCP), more specific for RA, may be helpful in distinguishing RF from RA ([Table 2](#T2){ref-type="table"}).

###### 

Distinction between rheumatoid arthritis and HCV-associated arthritis
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A distinction between the symptoms related to chronic HCV infection or to a newly developed rheumatologic disorder is fundamental for therapeutic decisions. In fact, the therapeutic approach to HCV-related arthritis remains largely empirical. Mainstream treatment based on the administration of hydroxychloroquine plus low doses of glucocorticoids and/or non-steroidal anti-inflammatory drugs is still largely preferred \[[@ref31],[@ref32]\]. Cyclosporine represents a useful alternative because of its antiviral properties \[[@ref33]\]. Anti-tumor necrosis factor agents are safe, but may be considered excessive for such mild disorders \[[@ref34]\]. The effect of DAA in HCV-associated arthritis is currently unknown.

Sicca syndrome/Sjögren's syndrome (SS) {#sec2-4}
--------------------------------------

Sicca symptoms of either the mouth or eyes have been reported in 20-30% of patients with HCV infection, whereas less than 5% of patients with SS are HCV-positive \[[@ref5]\]. There are many clinical and histological similarities between HCV-related Sicca syndrome and primary SS. However, a typical SS, defined by the presence of xerostomia, xerophthalmia, anti-SSA or anti-SSB antibodies and typical salivary gland histology, is rarely found in patients with HCV infection. Besides, patients with HCV-positive SS are usually older and more likely to have photosensitivity, mixed cryoglobulinemia and arthralgia than patients with primary SS. Low titers of antinuclear antibodies (ANA) and RF are common in patients with HCV-related Sicca syndrome, but the presence of anti-SSA or anti-SSB autoantibodies is rare \[[@ref9]\].

In a multicenter study involving 137 patients with both SS and HCV infections, 58% presented a systemic process showing diverse extra-glandular manifestations, with articular involvement (44%), vasculitis (20%), and neuropathy (16%) being the most frequent features observed. The main immunologic features were ANA (65%), hypocomplementemia (51%), and cryoglobulinemia (50%). Only 23% patients had positive anti-Ro/SS-A and/or anti-La/SS-B antibodies, and these had a higher prevalence of some extra-glandular features \[[@ref35]\].

Treatment of HCV infection with IFN alone results in severe immunological complications in more than half of the patients. Ribavirin combined with IFN gives a significative sustained virological response and could lower the incidence of immunologic interferon-mediated complications, with a favorable outcome of Sicca syndrome \[[@ref36]\].

Autoimmunity/antibodies {#sec2-5}
-----------------------

At least one immunological abnormality is present in up to 50% of HCV-infected patients \[[@ref15]\]. Autoantibodies are frequently present in chronic hepatitis C, the most common being RF and cryoglobulins, already mentioned ([Table 3](#T3){ref-type="table"}). Although the pathophysiology of these autoimmune processes is not entirely understood, it is thought to be related to HCV's influence on immune system cells, particularly B lymphocytes. Nevertheless, such autoantibodies have not been associated with connective tissue disease manifestations, except for mixed cryoglobulins \[[@ref37]\].

###### 

Frequency of autoantibodies in chronic hepatitis C
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There are expectations that a better knowledge of these autoimmune processes may help understand the pathophysiology of rheumatologic manifestations of hepatitis C, which has obvious clinical, prognostic and therapeutic implications. Accordingly, over the recent years, various antibodies and their relationships with chronic hepatitis C rheumatologic manifestations have been studied intensively.

C1q is the first component of the classical pathway of complement activation, playing an important role in the degradation of immune complexes, with the inactivation of this process possibly playing a role in immunity. Interestingly, a study demonstrated a higher prevalence of anti-C1q autoantibodies among patients with HCV and rheumatologic manifestations, compared to patients with HCV without these manifestations. This study also demonstrated an increased prevalence of anti-C1q autoantibodies in patients infected with HCV with mixed cryoglobulinemia and lymphoma, opening the possibility of their use as a biomarker for the diagnosis of lymphoma \[[@ref38]\].

Osteopontin plays a role in inflammation, autoimmunity and fibrosis, and its role in chronic hepatitis C has been investigated. Interestingly, higher levels of osteopontin were seen in patients with HCV and rheumatologic manifestations, and it could thus be used as marker for rheumatologic manifestations associated with HCV, particularly vasculitis and cryoglobulinemia \[[@ref39]\].

Other diseases and their association with HCV {#sec2-6}
---------------------------------------------

Systemic lupus erythematosus (SLE) may share clinical and serological characteristics with rheumatologic manifestations of chronic hepatitis C, such as arthralgia, myalgia, Sicca syndrome, and ANA. In fact, some studies demonstrate a higher prevalence of HCV infection among patients with SLE than in the general population \[[@ref40]\] and, although the association between HCV and SLE is not clear, it is recommended to screen patients with SLE for HCV.

Polyarteritis nodosa, though more commonly associated with hepatitis B, may also occur in association with hepatitis C, with an estimated risk of up to 12% in chronic HCV infection \[[@ref41]\]. HCV-associated polyarteritis nodosa is characterized by more severe symptoms, although with higher clinical remission rates \[[@ref42]\]. Antiviral therapies and corticosteroids are the cornerstone treatments for HCV-related polyarteritis nodosa. Plasma exchange, cyclophosphamide and rituximab may be tried in resistant cases \[[@ref43]\].

HCV-infected patients may also present with diffuse bone pain secondary to osteosclerosis. Its pathogenesis is not fully understood, but is probably related to dysregulation of osteoprotegerin/RANKL, with predominance of osteoprotegerin \[[@ref44]\].

On the other hand, despite the fact that anti-cardiolipin antibodies are present in up to 30% of HCV-infected patients, an increase in thrombotic complications has not been demonstrated and an association between antiphospholipid syndrome and HCV infection has yet to be proven \[[@ref45]\]. Although up to 20% of HCV-infected patients present with fibromyalgia, this association also has yet to be proven \[[@ref46]\].

Despite the effectiveness demonstrated in patients with mixed cryoglobulinemia, the impact of new DAAs on other rheumatologic manifestations is not clear \[[@ref47]\]. For fibromyalgia, Younossi *et al* recently reported major benefits of sofosbuvir-based DAAs on most patient-reported outcomes, including mental and physical fatigue, at week 12 and week 24 post-treatment. A beneficial effect of DAAs was also suggested on the cerebral magnetic resonance signal in the basal ganglia, correlated with the virological response \[[@ref48]\].

Hepatitis B {#sec1-3}
===========

General considerations {#sec2-7}
----------------------

Hepatitis B is another disease with high world prevalence rates that affects primarily the liver and may also cause extrahepatic manifestations that, though less common than in hepatitis C, may be found in about 20% of patients infected with either acute or chronic hepatitis \[[@ref49]\] The pathogenesis of the extrahepatic manifestations associated with hepatitis B virus (HBV) is not entirely understood, but it is thought that they are mediated by HBs and HBe immunocomplexes \[[@ref50]\] or viral replication in extrahepatic tissues \[[@ref51]\]. No correlation has been found between the type of extrahepatic manifestation and the HBV genotype \[[@ref52]\].

Polyarteritis nodosa {#sec2-8}
--------------------

Polyarteritis nodosa is a small- and medium-sized vessel systemic vasculitis that affects typically visceral and renal vessels, sparing the pulmonary circulation. It is mediated by immunocomplex deposition and clinically characterized by abdominal pain, hypertension, rash, polyarthritis, and weight loss.

The association between polyarteritis nodosa and hepatitis B is well established. Although polyarteritis nodosa s a rare complication of chronic hepatitis B, occurring in less than 5% of those infected \[[@ref53]\], HBs is positive in about 50% of patients with polyarteritis nodosa \[[@ref54]\]. The activity of the disease is proportional to the level of circulating immunocomplexes \[[@ref55]\].

HBV-associated polyarteritis nodosa usually manifests in the first 6 months of infection and, in comparison with its classic form, is associated with a higher frequency of gastrointestinal complications, orchitis, severe hypertension and renal infarct \[[@ref54]\], and a lower frequency of anti-neutrophilic cytoplasmic antibody positivity \[[@ref56]\].

The immunosuppressant treatment used in the classic form of the disease is not indicated in HBV-associated polyarteritis nodosa. Currently, the most accepted treatment strategies involve a combination of plasmapheresis, glucocorticoids, and antiviral therapy, since suppressing viral replication usually results in disease resolution \[[@ref57]\]. An excellent response to a combination of glucocorticoids and entecavir has been demonstrated. Similar results are expected for tenofovir \[[@ref58]\].

HBV-associated arthritis {#sec2-9}
------------------------

Polyarthritis and polyarthralgia may be seen during the prodromal period of acute viral hepatitis of any etiology, and especially in patients with HBV. In up to 30% of cases of acute hepatitis B, there is a prodromal period, and joint symptoms frequently precede jaundice. Patients may complain of symmetrical, non-destructive polyarthritis, mostly involving small articulations in hands and feet and associated with skin manifestations \[[@ref57]\].

These symptoms usually subside as the typical features of hepatitis appear, leaving no residual deformities, and usually no treatment is necessary \[[@ref59]\]. However, an asymmetrical non-destructive polyarthritis associated with erythematous skin lesions may persist, even in chronic hepatitis B \[[@ref56]\].

Hepatitis A {#sec1-4}
===========

Although extrahepatic manifestations are less common in patients with hepatitis A virus (HAV) than in those with hepatitis B or C, occasionally, patients with HAV infection manifest symptoms related to vasculitis, arthritis, and cryoglobulinemia, consistent with the formation of circulating immune complexes \[[@ref60],[@ref61]\]. In fact, acute hepatitis A may be associated with evanescent rash in approximately 14% of cases and with arthralgias in approximately 11%. Both these manifestations usually occur in an early phase and are usually transient, with complete resolution \[[@ref62]\].

Hepatitis A may also be associated with adult-onset Still's disease, a systemic inflammatory disease characterized by high fever accompanied by systemic manifestations, such as arthralgia, rash, lymphadenopathy and hepatosplenomegaly \[[@ref63],[@ref64]\].

Hepatitis E {#sec1-5}
===========

Hepatitis E virus (HEV) is an important public health problem in the developing world; it afflicts almost 20 million individuals annually and causes acute liver injury in 3.5 million. It is implicated in approximately 56,000 deaths, with the highest prevalence in East and South Asia. Nevertheless, HEV infection is becoming an emergent disease in developed countries. It was traditionally thought to occur in individuals traveling to areas where it is endemic; however, sporadic autochthonous hepatitis E has been increasingly diagnosed among individuals with no history of recent travel \[[@ref65]\].

As with other viral hepatitis, numerous extrahepatic manifestations are reported in association with acute or chronic HEV infection. Acute pancreatitis and neurological, musculoskeletal, hematological, renal and other immune-mediated manifestations have been described. These extrahepatic manifestations can overshadow the hepatic injury and HEV may not be suspected \[[@ref65]\].

Rheumatologic manifestations have also been reported in association with hepatitis E. In fact, acute HEV infection may present as an acute polyarthritis, with symmetric involvement of ankles, knees, hips, hands, wrists, elbows and/or shoulders, with or without swelling, usually self-limited and resolving spontaneously with HEV clearance \[[@ref66]-[@ref68]\]. Accordingly, HEV infection must be considered in patients presenting with a background of polyarthralgia and elevated liver enzymes.

The pathogenesis of HEV-associated rheumatologic manifestations is not completely understood. However, HEV infection is known to be associated with mixed cryoglobulinemia \[[@ref69]\], which may develop during the course of chronic hepatitis E and resolve with HEV clearance \[[@ref70]\], or may even occur after HEV clearance, with good response to immunosuppressive treatment \[[@ref71]\].

Autoimmune hepatitis (AIH) {#sec1-6}
==========================

Rheumatologic manifestations are common in AIH. In fact, hypergammaglobulinemia and autoantibodies are common, and the most common extrahepatic manifestations are arthralgia and skin rash \[[@ref72],[@ref73]\]. AIH is separate from rheumatologic disorders, but the boundaries between them can be indistinct. In fact, over 30% of patients with AIH have concurrent immune-mediated manifestations, and the rheumatologic features in these patients may mask the underlying liver disease. In contrast, 25% of patients with primary rheumatologic diseases have coincidental liver dysfunction, and they may be misclassified and treated as primary liver disease \[[@ref73]\].

Certain clinical features may be useful to establish a distinction between coexisting distinct autoimmune diseases and AIH-related rheumatologic manifestations. Elevation of liver enzymes is more common in AIH and the presence of certain autoantibodies is more specific to AIH (for example, anti-smooth muscle in type 1 AIH or anti-LKM1 and anti-LC1 in type 2 AIH). On the other hand, some clinical manifestations, like Sicca symptoms in SS or Raynaud or inflammatory arthralgia in RA, may help in the differential diagnosis \[[@ref74]\].

Elderly patients with AIH have a higher frequency of rheumatologic conditions than young adults, including RA, SS, and SLE \[[@ref75]\], underscoring the importance of pursuing the diagnosis of AIH in the elderly with liver dysfunction and searching beyond the rheumatologic manifestations. The importance of excluding AIH in patients with rheumatologic features is further reinforced by studies in primary SS that demonstrated the presence of background autoimmune liver disease in 47% of patients \[[@ref76]\] and the association between systemic sclerosis and polymyositis and AIH \[[@ref77]\].

Anti-CCP are found in 9% of patients with AIH, demonstrating a tight association with erosive arthritis, thereby identifying patients with liver disease, more prone to develop inflammatory joint disease \[[@ref78]\]. Patients with AIH and anti-CCP also have a greater occurrence of histological cirrhosis and hepatic failure, making these autoantibodies possible surrogate markers of advanced hepatic fibrosis in AIH \[[@ref79]\].

Standard treatment for AIH is based on corticosteroids, as monotherapy or in association with azathioprine. An accurate distinction between AIH and other primary autoimmune diseases is essential when considering a therapeutic strategy. On the one hand, some drugs used in the treatment of primary rheumatologic diseases, like methotrexate, are potentially hepatotoxic. On the other, though azathioprine is effective in the treatment of AIH-related rheumatologic manifestations, its effectiveness is limited in primary diseases, including RA \[[@ref80]\].

Alcoholic liver disease (ALD) {#sec1-7}
=============================

ALD is often accompanied by a wide variety of extrahepatic manifestations. In general, progressive tissue damage may be found in virtually every organ and there is a positive correlation between extrahepatic manifestations and the degree of liver damage \[[@ref81]\].

ALD is associated with decreased bone mineral density \[[@ref82]-[@ref85]\]. Hepatic osteodystrophy generically defines the overall alterations in bone mineral density (osteoporosis or osteopenia) secondary to chronic liver disease \[[@ref82]\]. The prevalence of osteopenia in ALD patients ranges between 34% and 48%, and the prevalence of osteoporosis ranges between 11% and 36% \[[@ref83]\]. Ethanol may be responsible for both decreased bone synthesis and increased bone breakdown. In addition, systemic alterations, such as malnutrition, malabsorption, liver disease, increased levels of proinflammatory cytokines, alcoholic myopathy and neuropathy, low testosterone levels and an increased risk of trauma, play contributory roles \[[@ref84]\].

Treatment includes smoking and alcohol cessation and general measures such as changes in nutrition and exercise. Calcium and vitamin D supplements are recommended in all patients with ALD and osteoporosis. Bisphosphonates have been proven to be effective in increasing bone mineral density in chronic liver disease, and they can be used in the setting of ALD. Alternatives include raloxifene, hormone replacement therapy and calcitonin \[[@ref83],[@ref85]\]. Interestingly, a recent meta-analysis demonstrated a significant association between ALD and an increased risk of bone fractures, but not between ALD and osteoporosis \[[@ref86]\].

Nonalcoholic fatty liver disease (NAFLD) {#sec1-8}
========================================

NAFLD is reported to be associated with extrahepatic diseases, including cardiovascular disease, diabetes mellitus, and thyroid gland abnormalities. Although the underlying pathogenesis is not clear, there is also an association between NAFLD and low bone mineral density in the forms of osteoporosis and osteopenia \[[@ref87]\]. In fact, in a cross-sectional study involving 231 subjects, the presence of significant liver fibrosis assessed via transient elastography was independently associated with low bone mineral density, osteopenia and osteoporosis in NAFLD subjects \[[@ref88]\]. Interestingly, there could be potential sex-specific differences in the effect of NAFLD on bone mineral density, as another study reported a negative effect of NAFLD on bone mineral density in men, despite a positive effect on lumbar spine bone mineral density in postmenopausal women \[[@ref89]\]. Screening and surveillance of the skeletal system for osteoporosis in patients with NAFLD may be considered in future strategies and guidelines for NAFLD management.

Pentoxifylline has demonstrated promising results, with improvement in liver enzyme abnormalities and insulin resistance \[[@ref90]\] that could also be beneficial to other systemic manifestations of the disease, including bone mineral density. Some other drugs in phase III trials (for example obeticholic acid and elafibranor) demonstrated improvements in liver fibrosis \[[@ref91]\].

Primary biliary cholangitis (PBC) {#sec1-9}
=================================

PBC is a chronic cholestatic hepatic disease, where 95% of patients present with antimitochondrial antibodies (AMA), demonstrating a prominent autoimmune basis. Approximately 30-50% of patients present with osteoporosis, osteopenia or osteomalacia secondary to cholestasis, and vitamin D deficiency \[[@ref92]\].

In addition, up to 60% of patients may present with an extrahepatic autoimmune manifestation \[[@ref93]\]. Among the rheumatologic manifestations, systemic sclerosis is the most common. Studies suggest hepatobiliary involvement in approximately 7.5% of patients with systemic sclerosis, PBC being the most common disorder \[[@ref94]\] CREST variant (calcinosis, Raynaud syndrome, esophageal dysmotility, sclerodactyly, and teleangiectasia) has been reported in up to 15% of Italian patients with PBC \[[@ref93]\]. The presence of these manifestations and/or serological abnormalities should alert the gastroenterologist to a need for early referral to rheumatology.

Up to 50% of patients may present with symptomatic inflammatory arthropathy. Arthritis is a frequent complaint in otherwise asymptomatic patients and may be observed in the preclinical phase. The characteristics of the arthritis are highly variable, and PBC may be associated with distinct types of arthropathy, including RA, SLE, and ankylosing spondylitis \[[@ref93]\].

Even though ANA positivity (50-70%) is not particularly helpful in the differential diagnosis versus other autoimmune diseases, certain features like AMA positivity (in almost 100% of cases) or cholestatic pattern in liver function tests are important. This distinction is important, since the mainstay of treatment for PBC is ursodesoxycholic acid, quite different from other autoimmune diseases \[[@ref74]\].

Hemochromatosis {#sec1-10}
===============

Hemochromatosis is an autosomal recessive disorder of iron metabolism in which the body accumulates excessive iron. The deposition of excessive iron in a variety of organs leads to their failure, with manifestations that include cirrhosis, diabetes mellitus, cardiomyopathy, arthritis and hypogonadism.

Arthritis appears to be the most common extrahepatic clinical feature of hemochromatosis, affecting more than half of patients. Arthritic symptoms may present before other visceral manifestations become evident and in some cases arthritis may be the sole clinical manifestation. Hemochromatosis arthritis is typically a polyarthropathy, involving the metacarpophalangeal, proximal interphalangeal, wrist, knee and vertebral joints, and less commonly the hip. Although the arthritis is typically symmetric, it may be unilateral \[[@ref2]\]. Arthritis is progressive in 75% of cases, stable in 12.5% and improving in 12.5% and, although iron removal by chelation or phlebotomy may favorably affect the overall course of hemochromatosis, there is usually no improvement in articular symptoms \[[@ref95]\]. Arthropathy may actually improve, remain stable or worsen with treatment of hemochromatosis. Treatment is similar to that of idiopathic osteoarthrosis and is based on analgesia \[[@ref96]\].

Chondrocalcinosis may occur in up to 50% of patients, involving mainly knee and wrist joints. Colchicine may be used to prevent attacks of pseudogout. Given the importance of interleukin (IL)-1 in arthropathies mediated by deposition of crystals \[[@ref97]\], anakinra (inhibitor of IL-1) has been reported to be effective in the treatment of severe hemochromatosis-associated arthropathy involving hands, with symptomatic improvement and resolution of inflammatory signs \[[@ref98]\].

Wilson's disease {#sec1-11}
================

Wilson´s disease is a disease of copper metabolism, resulting in excessive accumulation of this metal. Skeletal involvement is common. Patients may complain of pain and stiffness, mainly in the knees, wrists, or other large joints, with synovial copper accumulation. Other rheumatologic complications include osteomalacia, osteoporosis, and premature osteoarthrosis \[[@ref2]\].

Concluding remarks {#sec1-12}
==================

Rheumatologic manifestations of hepatic diseases may complicate the diagnostic approach and alter the natural history of the primary disease, sometimes worsening the prognosis as a result of the associated multiple organ dysfunction. The prevalence of these manifestations can be variable according to different diseases. It is necessary not only for rheumatologists, but also for other clinicians, to be aware that these atypical manifestations may reflect an undiagnosed hepatic disease. Despite the advances achieved so far, further studies are necessary to provide a better understanding of the pathogenesis of the rheumatologic manifestations of hepatic diseases in order to identify new biomarkers for these manifestations and new therapeutic targets. On the other hand, in a patient with known hepatic disease who presents with rheumatologic symptoms, it is crucial to make an accurate distinction between a rheumatologic manifestation of hepatic disease and primary rheumatologic disease, since the treatment is often different.

Whenever there are extrahepatic manifestations, including arthralgia, xerostomia, xerophthalmia, rash, among others, or serological abnormalities, it may be wise to refer the patient to a rheumatologist. In addition, gastroenterologists must keep in mind the possible osteoarticular symptoms of therapies employed in the treatment of gastrointestinal diseases. We hope this review can inspire the creation of protocols with characteristics of rheumatologic manifestations that should alert the physician to the possibility of their being secondary to hepatic diseases, so that these can be screened *ad initium*, avoiding late diagnosis and thereby improving prognosis. It is also important that, in these cases, there is a multidisciplinary approach, with a close collaboration between gastroenterologists and rheumatologists, in order to provide the best treatment for the patient.
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